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The PLATO v computer-based education system

¢ontains -unique communications hardware and'software
il . ad

for operating,hundreds of graphics terminals: Key

ech01ng 1s performed by the central proce551ng unlt
- N \ [y
Each terminal is guaranteed 1260 blts/sec of output

, at all times. There is no “store—and-forward“ machinery.

t
Output error detection and correction are imtegral

.

parts of the system.

[T
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K .
"I, Introduction

. The PLATO IV1 computer-based education system hardware consists of a .
Control Data Corporation Cyber computer with electronic swapping memory,
hundreds of plasma-panel graphics terminals, and a communications network.

" At the time of writiﬂg (July 1975), thexe were 950_terminals installed on
the University of Illinois PLATO system. As many as 480 terminals have .

' . ” [} ~
. been active simultaneously. Additional PLATO systems are-centered in

Minneapolis (Control Data Corporation) and Tallahassee (Florida State

University) System software includes a fast-response operating system
_and a. compiler and executor for lesson materials written in the TUTOR

language. ) PLATO IV supports elaborate computer graphics including lines, s

-MW«E

characters from, dynamically alterable character sets, and animated displays.\
J

All gtaphics modes include selective,erase_capabilities.' This article will

\
[

describe the. communications component of the PLATQ IV system. o .

PLATO 1V is almost unique among multi-terminal interactive systems in . 14/“ —

u-pmm.. -

eliminating the swapping of programs between the.computer and the mass

- '

memory oﬁ mechanical disks or drums. Instead, electronic swapping memory

is uséd (CDC Extended Core Storage) It has a transfer rate one hundred
/ : . ' ' '
» times greater and an access tdme ‘one thousand times shorter than those of

disks or drums. These enormou quantitative advantages make it possible to

- a
-
I

prov1de fractional-second response times to hundreds of graphics terminals.

A second distinctive feature of PLATO IV is that qvery key pressed at

3 » o
L * A <

a terminal passes’ through the entire system, including the central computer,'
™ -

beforxe anything appear$ on the terminal's screen. There is no local ech01ng

n %

-

‘ i
of keys at the. términal. This means that the keyhoard is redefinable- the

.oa

“n" key is not restricted to causing an "n" to appear on.the screen but may,’

-
-
..

in context, display a line drawing ok an appropriaté_Cyrillic character.

M

- I o r
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The average response time is onevelghth second t125 milllseconds).'hHalf of Lt '

T e
~ -

i this ‘delay is due to hardware: serial b1t transm;sslon on 1nput and output,:~ N
‘ - hardware buffering at various levels of the interface equlpmeht, etc. lhe
" other haIf is due to software,-mainly inp:t and‘output polling and buffering;
: ' ) T . o T
}he‘actual processing is typically a few milliseeondé ahd;only a fraction of

o R B -

a'milliseéond\for simple key.echolngf T X .

| . The proceeglng of each keypress by the- central compute as ften_ "
a “been cr1t1c1zed as needlessly expen51ve.-‘The appendix to tf:jipa:§¥‘discusses
k\' someiof the basic reasohs‘whstingle ke?pressiinteractions are appropriate
t- ~ . in the PLATO environment. - ‘K ;;_ | B .7

Sectlons II and III dlscuss in deta11 the communications hardware and

-. . Lo . o
v sofqég;e. Much of this dlscu351on -assumes an understandlng of the ba51c

»

communlcatlons conflguratlon descr1bed briefly below. -A Slmpllfled diagram -

. «
o of the equ1pmen€/i; shown in Flgure‘1 Lt 0'., 'i‘ ‘i‘ U \A‘\
T ‘ Cl 7Most'of the PLAIO communlcatrons eQul ment i} designed:with “claseroom" : /y’
clusters in mind. -Up to 32?terminals in such a cluster are connected to-a. ;\ i

Y
»

. ’ [ \t"
)_"site Controller."3 This Site Controller transmits information from a’ high-

d *

. »
-¢ 1

'speed channel to the individual termlnalé. The’ 51te Controller also concen-

trates keyset inputs from the termlnals for traJsmISSLOﬂ to the computer

The purpose of the Site Controllem~1s to permlt the u§é of ‘highly mult1plexed'

. f
communlcatlons llnes for Long llnks. Input to ihe computer is carried from

. !
- !

each Site Controller to th computer complex od a 51ngle volce-grade telephone’
. € \1

line (which therefore serves 32 users), At thT’computer center a Network
A ? - ’ . - ‘ .

IR ]

Interface Unit (NIU)? rece}ﬁes the inputs from|32 Site Controllers- & delivers
. . . - . N i ‘ . . ~ L]

‘them to the computer’for'processing.
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In processing -a key tﬁe“computer hormally genergteé'output for the',,'

\

'termihél. Tﬁg\cdmpute; déiivers.this to the NIU, which multiplexes the

. - e . 3 r
output data for\ 1008 terminals onto a television channel. The television-

microwave) to theb_2 Site Contrpllers sharing the TV channel. Each Site

+

Controller recoVer;\from the television channel all of the data destined
- Y . » ,

erviced by that Site Controller and transmits tpé

} - [ B
for the 32.terminals

»

The data rate between the terminals and the Site

Controller is 1260 bits'second;in each direction,’ which permits the data * .
: _ o : :

therefore, - be rémotely locdated from'thevsite Controllers.

.

a -

i .Terminals’Within‘a fe 'milés'of the Site Controller normally have a - ‘ ‘ '

v N ;e
- o .

fbur.wire (full duplex) connection with one pair for input and the other
for output. Thé more distant terminals use "a médem ggggulator?demogulatof) : A

_ which‘frequéncy—dividés a single telephone line (one pair of wires, of half

. - . .
'

. duplex connection)'tékcarry both input and output simultaneously. Distant;
: .§\ terminals may also be- clustered in gfoups;oﬁ four ferminals using a more

expensive’ modem to share a %ingle.telephone line. .In any éase, the nlyimate‘ Y

input and qutput_conﬁections are through a Site Controller “and the NIU, and

.
» - .

“all ‘terminals are supplied with the full 1260 bits/sec at all times. . .
. o . _ : ' ' ' : ' .

’ . . - . e
- - . . P

RS —— ~




'Probably«the most stringent requirement of ‘a computerebased education
: / : " ¢ ‘
system is an aVerage response time of 1ess than 0.25 seconds. This require—
* ' AS
ment"more than any other determined the nature of the PLATO IV communications

syst‘:é‘m.r It eliminated at the outset ‘any system employing the use of store

.-

. o , : S . o e
» and forward techniques where messages may be temporarily stored and thus
delaye fwhile_network conflicts are resolved. It eliminated systems employing

\ ~ polling techniques where terminals must wait until interrogated. before

”sending data‘to the central.computer. Thebresponse time:reqpirement also

n><\ imolieg,the need for a £ 11'dupler mode of, data transmission,bone in which:",

information-can flow_sigtltaneously in tmb directions. In half_duoler.‘
systems where'information can only flow in one direction at a time, thej

time required to;reVErse the direction of information flow. is generally<
0.4 seconds or more. : ' ' S .
i . . v

- ’ The data formats for PLATO were determined primarily by the graphical

-

display nature of the data and by the need to transmit the maximum amount “
of data via_the lowest possible data rate over readily”avaiiable facilities.

These requirements eliminated any serious'consideration of the use of ASCII

\ . . - . N . '

. ., - because of the high overhead associated with this code. For example,ato.
‘send the 18 bits necessary to specify a point on the PLATO IV display via
'ASCIT (8 to 11 bits per byte) would require the\transmission of 24 to'33‘hits

representing an overhead (i.e., waste) of 25% to 45%. The PLATO IV data

> format, on the other hand, contains only 14% overhead in the tase»of graphiC~
-“ [\ L.

‘data. The use of such an eff1c1ent data format permitted the use-of the_

.

'y ~

relatively low data rate of 1260 bits" per second which in tﬁrn permitted
. ' the use of low cost modems and the lowest grade telephone circuit.
The choice of a television channel for the*distribution of the-PLATO' . A

,signal was 1n antic1pation of the growth and aVailability of cable teleVision
- Q ) B ) .

_‘ - | L0 |

3
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L]

($6 - $10) data link to homes

» . (CATV) systéms which-would provide a low co

and sch ols in most metropolitan areas. In such systems FQATO would require -~

% -

the/use of only one TV channel for every 10 O users. Although the anticipated‘
growth of CATV has not occurred -thus prev nt1ng 1ts use by PLATO, ‘the TV

‘approach is stjll economically attractive; .For example, microwave;is presently
being used in lieu of'CATVLto-distributA the TV signal in Champaign-Urbana,
.. /w1th the monthly operat1ng cost of a ﬁATO\IV terminal ranging from $1.45 to

$2. 35, as compared w1th $4.85 to $Y4. 60 u51ng telephone 11nes.‘

- To further expandtthe d1s ibutlon of PLATO mi;er}als, an effort is now

. ~ under way to connect the U‘ ana PLATO system with e»M1nneapolls system.

- ¢ * .
. - B - Y
L] 5 o
o~ - - o
1 - 4‘
o
l . o
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II. Communications Hardware @ .

Thé'equipment used in .the PLATO communications System can be understood

' . B
1y -

by follow1ng the information flow from the terminal to the computer ajd back

o 0 -

.
.

_' : 1 .
) B ~are identified by a two—bit‘code to specify ‘one of four ;Iches:» 1) kFys
‘ which may be pressed at the keyboafd or generated electrOnically on computer
. L 4& e »
command, 2) touch panel,6 3) exterhal input deVices, or 4) the terminal'

- s e - - A i

own processingnunit. The total data package transmitted to the Site Controller"

".P'W'. conSists of 12 bltS“-a message start bit, the two bits identifying ‘the source,
8 bits~of data, and a, parity‘bit. ‘The Site Controller-attaches a five-bit
terminal identification cede, adjusts the,parity bit, and multiplexes the

% : package, now 17 bits,.onto the telephone line to the NIU. Upon receipt of

: , H "

- - also examines the parity’ bit and cofiverts this bit into in erroxr indicator. -

- ' .~ - o ..

- If the message is error-free, this bit is set to :zero";-if an error is
- £ - . . .

ﬂetected the bit is set to "one." The complete message package,unow 21 bits

+ -

; ~bits/sec. Therefore, it can transmit (1260 bits/see)/(17 bits) .
' ipputs,per second from the” 32 terminals at that site.k This ‘rate represents '

. RN L

v

'l"-.f terminal, which.-is almost five times %he measured\average of.. 0 5 inputs per§k~‘1’

- e - >

second for_PLATqusers. Because.the Site Controller muItiplexessthe data
" - * E - AR - -

"

! 'the terminal. The ejght bits of input data geeerated by a BLATO t rm-a.nal5 .

" the message .the NIU attaches a five~bit site identification code. The NIU o v

N an average of (74 inputs/sec)/(32~terminals) = 2 3 inputs per second per ‘ j{




-~
\

...........

. \ -8- ! . L |

y o . < . . |
/ \ to the NIU on an sychronous (demand) basis. the ‘burst’ rat e termipal cany ﬂ
] A - . KRN . a
L~ normally be equal to the Output rate of the Site Controller (up-to 74 1nputs

© es
-

X act1V1ty occuxring simultaneously at a term a four-input buffer for\ “~
\ each terminal ig~p vided 1n the Site Controller. If all 32 terminals simur- \\
. aneously made 1npu s, an 1nput wouid be delayed in the Site Controller . T

<

(3' terminals)(17 bfts)/(1260 bits/sec) 43 milliseconds (ms) . The normal

-

delay for a key passing . through the Site Controller is (11 bits)/(1260 bits/sec)

"/K/K - 14 ms. ~ The tran

1ss1on time from the terminal'to the Site Controller is ////
(12 bits)/(1260 bit Asec) §”? .5 ms, and there is a control delay w*thin the

[

- ©

3

terminal of approxima.tely 6 3 s, Adding ,\a, J.Fy time through /@NI“U of ...

44

> .

| ‘ Cy e . :
30'ms. (ﬂdd 0.. 5 ms, per mile for rqmote‘termi als.) E L v : T \\'

-

. 0.2 ms gives ap ﬁverage total transmission timeLfrom key p:ess to computer ‘of

A 21-bit output package is sent from the uomputer complex to each PLATQ o
termiﬂal every 51xt1eth Qf a. secondj(1260 bits/Sec) These packages*can
Cea : . . ' <o

.consist of commands (eras the screen, set to line, character, or dot mod#

7 *
a N - \ . l P .
‘v etc. ) or data (characzé% cogés, line coordinates, etc ). Each package con- '

.

tains a message start bit/ one blt tb distinguish commands from‘data, one \
parity bit, and 18 bits

indicate a "dg-not

ntaining the data.orvcommand. ‘All bits zero S
. . \ . * e " . - . R e

. C ot . L ' . B ,¥ (4
gy command, which is what the termihaﬂ receives whenever Rl

«

. L there is no new information being sent to that’terminal; In line mode thé
. . 5 " N “y

- 18 data bits contain 9 bits of X and 9 bits of Y to, specify a line endpoint

i :@ on the 512 x 512 dot piasma panel ThlS maM?s it ossible to draw 60 connec,
lines per secfiﬂu .mhere&are commands to change the terminal's X-register any’ .
. R e .- o b

‘ register 1f screen reposit oning is xequired In qharacter mode Eﬁe 18 ddxq N ‘
. x o . e - . \
' t ’ : » -~ \‘.;.“ N R ’ . ¥ ° .
. “' \: ) ' ” '
. ’ ‘ > & S B . v i v *
r ‘. +? . > - . -
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e

‘bits contain three 6-bit character codes. The termingl contains a character -
generator'(e X 16 grid) whose memory is oxg!hized as four 63-character groups,

~ two of which contain fixed character patterns (stand

d a)phanumerics), while ,

~the other two groups-contain character p tterns~whic can be loaded from the

- 4

-and di

. C

computer. Thus, central goftware can degi tribute alphabets (e.g.,

- N v

Cyrillic or Arabic) or simply pieces of pict es: that can be displayed at

V high speeds by writing "text" on the plasma p 1.] Normal text consists of

1ong str:.ng*s of numbers, standard punctuation, an lower-case letters, all
' .

can be sent to the

of which are in~the first memory group,‘so that te

[VIRY

terminal‘at a rate ofrnearly 180’characters per secon (sixty 21-bit packages

per second, each containing‘three 6-bit character codes) . An "uncover" ~

2

code (the 64th character in every character group) followed by a chdracter

, Note that

“

memory group code is used to switch from one group tO‘another.
standardralphanumeric terminals normallyfuse a.1d;bit*package‘for.transé_
Mitting a‘single character,_which yields onlyflzo chafacters/sec ongaé
1200 bit/sec line. 1 B - ' _l T‘ ‘i . - . .

In a dition to line and character graphics, there are

. R
" ‘device attached to -the .. terminal.

v

Output data packa/ps destined for the terminals are passed from the

\‘v

=
’ ’

computer to the NIU.t’Contained w1thin the NIU are two memories, each con-

.

tadnirgg 1008 twenty-bit wor‘ds.g Each meniory can hold one output package for

.terminal conne7ted to thi NIU. In an interval of a 51xtieth of a second,

o

: the NIU transmits the entire contents of one memorx\onto a television channel,

Concurrenuly the ﬂémputer is loadirg the other memory with new data. At the

i




always a "one," it is not stored in or transmitted by the NIU but instead .

2
e Site ConLroller.) During these time,

. o | .
to those terminals which have 0 computer output. Although this all~“2eros“i‘

sﬁautomatically perform modem resynchronizatlon. {since the plasma Pnne;\bag Af,f

inherent memory, onily graphics changes ‘need be transmltted to the terminal.)
’ - &
In the transm1551on of data from the NIU to the teleV191on channel, the

~

first bit for terminal‘o is transmittedvfolloweﬁ by the first bit for termlnal
1, then the first bit for terminal 2, etc., until the- first bit for terminal
1007 has been transmitted. The second bit for all terminals is then transmitted,

followed by the third bit for all terminals and so on until all 20 bits have ‘

been transmitted. ..The 20 b1ts for each term1na1 are thus spaced evenly through -

‘the 51xt1eth—second tlme interval w1th adjacent data bits‘for a particular

-

termlnal be;ng.separated by 1007 bits for the other terminalsuﬁn the system.
\

' . With this data format, the Site Controller need onlﬁ select and pass

LY

data thrdhgh the terminal: it does not have to storf data arrlving at a

~ -~

. hlgh rate ahd\forward the data at a low rate to the terminal This s;mpllfles .

the design and operatlon of ‘the Site Controller. Moreover, a short burst of

\

noise on the megablt channél will alter one bit for Several terminal not*

several bits for one terminal: Thus, a single—blt parity check by the termlnal
i .//

a i .‘-'ﬂ' [ \ [
\ o R o




L[] - .
: - . : ‘ »

can detect nearly all transmission errors. More will be said later about |
k ) * the detec/ion and correction of errors. - ) . v

- .
-

In addition to "handling output data, the NIU generates and combines

standard televisiOn horizontal and vertical synchronization and blanking.

pulses with the digital data, sojthat the resulting composite signal is

A
- v

cbmplétely compatible with ‘standard cable or broadcast televisiOn'transF'

mission equipment. Eigure 2 is a brief\time exposure of'this si&nal as

'displayed on a television monitor.. An active terminal's 20-bit package : .
appears as a vertical column. of dots spaced every 12 hprizontal scan lines .
! ,

¢ AN
over 240 scan lines,transmitted every sixtieth of a secon& (Because tele- .
' vision interlaces two sixtieth-second* frames to- make 30 complete pictures &\
- . ~ M “f .

‘every second,‘alternate frames are disﬁlaced vertically by one-half scan

line ) The 1.2 million bits/sec: data rate in this television channel is ;

v
«® '

a conservative use of the bandWLdth. .

i .,
S The horizontal and vertical television synchronization pulses transmitted

»t

by the NIU synchronize the Site Controllers. The Site Qontroller extracts

' its terminal data by timing signals derived from these synchronization pulses.

The Site.Controller attaches a start bit to the\data package-so that .the
\\ /' . . ] ) ) i
\vterminal actually receives a 21-bit package sixty times'per second (1260 bits/

‘the: NIU and another sixtieth of a second delgy transmission to and accumu-'

‘lation in the terminal. The Site Controller adds ”additiohal delay of 0.8

o millisecon§ (ms) . The terminal requires approximately 2.5 ms to plot thé

Y

*" . chatacter on theipanel. The -total hardware delay time from computer output .

i6
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. to appearance on the plasma\panelgi:j therefore, 37 ms., Adding to this

ffgure the average input transmissiqn tlme, the total delay betweep a key-,

¢ ) press and the_appearance qf a dharacter on the screen due to the PLATO .

/'communlcatlons hardware is 37 ms + 30 ms = 67 ms. (Dlstantly located terminals - 'g/ﬂ\
—_— 4 ' \L/ - :
may 1ncur an‘additlonal 12.5 to 90 ms delay due to use of long dlstance -

. v

modems, plug J 01 ms/mile round-trip transm1551on tlme r

’

Y - s

It is 1mpértant to empha51ze that the PLATO output scheme guarantees

/ 3 Ny p o

- that each and every user can receive output ﬁﬁ%@he maxlmum rate at all tlmes.-};k 1

- _ ’ ~ . S
There is an- ‘open 1;60-bit/sec "plpe“_runnlng d1rectly from the computer to v o

each termlnal, There are no shhred "store—and-forward; buffers 1nterposed
between;computer and terminal, and there are nd’Handféhaking protocols between
: W : Lo ™ ‘ ' ' \
‘ nodes of the communicatlonshnetWOrk. Notﬁonl% is the terminal user guaranteed -.
. . 1 full output, free of jerkiness, but the computer is guaranteed that it‘can

7 S Pl 2 ) K o . . N
simply pour data out to the ‘terminal without worrying over thie pos ibility of .

overflowing some buffer somewhere in"the communications network.

fluotuat'ons in this load do not cause output‘delays, since each term1na1

- i ~

alWays veceives 1260 bits/sec; Tlghter packlng of the data to handle more

termlnals ﬁbuld require terininal 1dentif1cation bits to be transmltted and'J‘

/

' would require addltlonal error check bits.due to the increased sen51t1vity»

\ : to noise bursts. These additlonal\blts would cancel much of the hoped—for .
\\ R : e B »

‘\ : - 'ga;n, and’ the Slte Controllers would have to ;be con51derably'moxe complex as

\ . Wﬁll \ o . . . . . . e -

o . .
ngever, our operational experlenCe shows that even though most of\the (ff

attached te>m1nals are uséd every day, né more than 50% df then are ever

\\ active sxmultaﬂeously. The NIU, therefore, is -seldom required to service
, . s - - . N \ ) . o ‘ '
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: durlng any 51xt1eth-second interval mudp more than 100 termlnals - v

120%'* 50% x 1000). Although there are correlatlons from one 1nterva1

. butign approximately foisson around the mean of-100: the standard

 deviation of the fluctuations is, .therefo
\‘4. - . L ] . . . “ -

» ~/100 = 10. On the basis of
these usage patterns, it is elear that it

-

~
PO

<. ~observe as many as 200 termlnals receiving data in a 51xt1eth-second

"

S ntrj to handle severaIfthousand installed term nals Wlth a 51ngle te1ev1{1on

channel.] - B .

Rlc - e -
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Before describing the communicatrons software, it is helpful to describe;,

Storage" CECS) is

e central proces ing units (CPUs), and to the peripheral

~

-, (CM), and thus to

procegsing unit,/(PPUs) ECS has an” access time: of less than 5 microseconds,

.
)

, ~

rate ¢ ten illion 6¢4bit words P second! This enormous transfer rate is
, — - _ e . ;
.

achieved

prograT7

‘ Py ) . \\
PR ,“by th’ CPUs. ;his is far mére efficient than swapping‘interactive Jobs be-

in access time. Disk*drives furnish permanent storage

material haS»been moved to ECS.
7 . . . X + . Py _1 . " "
/The ten peripheral processing units (PPUs) shown in Figure 3ﬂgre7ﬁ1ni—" \
co'futers used to handle input and output In particular, one PPU handléé?\'

\ . » .
input from the NIU and passes output to the NIU. Like the CPUs. the PPUs -

ave d1rect access to ECS. Figure illustrates the relatronship of the'

4( .

input and output PPﬁ to the NLU. The input section%of the PPU uses the 10—

' b1t terminal identification number to sto.‘ the 10-b1t 1nput data 1n a
Y »
terminal-' ecific location in ECS: ~The PPU also

e

s a.bit in an "1nput

-

polling list" in central memory to notify the 'CPY_that this user requires

AprOces51ng.. (If the 1nput error indication bit is et, the PPU ‘merely tells

-

the CPU to increment a count of 1nput errors for thls iten)

a . . ' X .. . . . ) . . .

e heart of the 5 stem: ECS has ties to central memory :‘-

orders of fu gnitude impfovement 1n transfer rate and three to. four orders of .
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Figure 3. PLATO IV computefﬁarc itecture, showing memory sizgs 1in 60-bit *
‘ words,, transfer rates|in 60-bit words/sec, and access, times in -
. . i ! e . : .

microseconds. M = million, CPU

centralfprocessing unit,
e '~ PPU = peripheral processing unif/, ‘NIU = network interface unit,
PR . . e v . . [ .

< [
* - - [ o

CM = central memory, ECS.= Exténded Core Storage. .P:Ograms and '

. data afeAswapped between and ECS. Conventional disk drives
provide permanent storage for programs and -data. The basiec _com-

! .

) ool . .\:'
puter is a Control Data' Coxporat

! N

ion Cyb'er.’7"3-24f
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" 1obits f,b © PPU ,
~ NIU its 0'0 — : :
RO et 26bit output | | Outut read from ECS -
<= — Outpyt [<— Output . - . .
- . 35 o~
. Chout | 1 - Mark terminal active .
] _qu — —»{ Input >
. v 10bits ID . / '
10 bits data - Store input in this
’ 1 bit error |nd|cn'|°n 'efmlﬂ0|5 |ﬂpu' buffef
- L 21-bit input .
’ - . From Site B ) ’ .
. - -+ Controliers .
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quure 4 Role .of- th"é""~iqput and ‘output PPU interi;'acing‘to the ‘NIU.A Tﬁe“
‘\ ,10—bit terminal ident‘if:.cat:.on (ID) passed to the output secta.on
\ of the NIU dot_ermines theltlm position of the assoc ated data
, . . . ° ’. - v . -
'in the television format.
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Euery sixtieth of a second. the output ‘section of the PPU reads from

N ECS a list of 29-bit packages,:ea Jpackage, consistingiof ten bits of
. . . — N w . . oo - .

© 4erminal address plus the ninéteen bits of data destined for that terminal.

 The PPU, pdsses each’package to the NIU, which generates a paritygh%t to go
Y ¥ R
with the 19 b1ts of data and Stores the resu1t1ng 20~b1t quantlty 1n the -
~ | . .

spec1f1ed slot in its inltially empty memory ‘ mbe 11st of data plus the

S— . Aeroes conta1ned xn the other NIU slots make up one complete "frame" of

. : . L
‘television output; o '\\'b-;:,’ : hj . /o - 'rgﬁ% SRR
. ‘ '1“ Corresponding to the 1008 terminals'serviced‘by an NIU there are 1008'
. § L ’

"iyatlon banks" in’ ECS Each station bank contalns a buffer to rece;ve the

e b .
: ‘1nput data from the’ NIU. The statlon bank also’ contalns ;nformatlon concern-
- -r*«' 3 v

: 1n9 the current state of the terminal, 1nc1udfng polnters to relevant data

! .2

- "bases (see Figure 5). The statlon banks are in f;xed locatrons in ECS, but

¥ . ,.J B

2 locks shown in Flgure 5 are referenced

'fough the stat;on bank

. { K . .
pointers. The PQATO software keeps . track 1n the B _t oﬁ‘bank of the complete ‘

’
L3

- current state of the term1na1. mode (1nc1udlng whether 1n character or 11ne‘

Ve

mode), current setting;\of the term1na1 s x and Y screen posltlon reg1sters,

current character memory group sett1ng,‘gtc. More preché&y, thls informatlon
"y

L L4

desqubes the state the term1na1 wlll be 1n upon completlon of transmlss1onv

to the termlnal of all pend1ng ohtput‘%whlch may be ten seconds in the future)

This 1nformatlon is frequently ut111zed by PLATO users: for egample, to

s i o
oo spec1fy 4a.new screen pos1tlon relat1ve to the present screen pos1tlon.

’

' [ 4

AN
.

‘ ;‘stff Approximately twentyvtimeé a"second a\;PU;looks through th'-central

" memory input.polllng~list for:terminals. act1ve by the PPU.
(Actually, the PPU-generated polllng 11st is merged W1th a CPU-generated
VR list of term,nals requ1r1ng ﬁroces;;n;;dﬁe to an earlier interrupt,Tdisk
. . "
) , l I/0° delay, t1m1ng return, etcl)W The process of looklng through thls llst -
L , '/K//// _ ‘ . J - R “". “

i . R . 3 . .
. :
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Figure 5. Relationship'efl,r.f'iked-.-locnationv station bank o associated sWappirig-

¢

Sy 0 : : . . :
: . emory space allocations. Dotted lines lead to optional block
P R e allbcatioh's. Many téimirials ‘can share a ‘single copy of .a lesson
or a data base, but other blocks are not shared, ' Station bank ‘
- . s T v.' - : : T
information onfcuExent terminal state includes screen X and Y, .
. R :Z""‘ ' AN ) ' ) . e
. . terminal mode, character memory group, etc. ‘v i
. . ! . <. )‘ .. *
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is very rapid: active terminals in a site are represented‘by‘bits,sétlin_,
¢ . » : ’ . 4 . ° ; s

- -~ a floating—POint word, and a “"normalize" instruction is used to skip'over

. v inactive terminais\ nd generate ay address of an active terminal. Thé site

PR

N
number isnencoded in"t

-

xponent of the floating-point word. ' The CPU

: *
processes the inputs for all terminals marked in- the list, then either “starts
g 'y .

s through the tist again or, if le than a twentieth
\ ~"7

) ‘may perform lower—priority "background" tasks in;

a second was consumed,
?time left over.

The CPU begins processing a’ terminal by using the generated address to - . E
% L ' read the station bank from ECS into'central memoryi The PPU had stored the |

10-bit input data in the station bank buffer. "This input plus the complete
© A - \

/
program status contained in a 400—word “status bank" determines whether
\\\ . ;~., . 1 .
YN simple key echoing  is required or whether the algorithms of the'usegus‘

particular "lesson" (prdgram)bare'needed to process the input, ‘(About one~
s N T ] . . = "

half the keys do require the lesson for'processing,) Note that the separation

v
a

_of the individual status'banks from leSSons makes it possible for a single

ﬁzpy of a lesson to serve many terminals., As is indicated in Figure 5, both

Py o

>1e§sons and data bases may be shared. by many terminals._ .
,éé _J‘ . ~ v -

In either the key-echOing or: algorithm-executing case, the CPU normally

generates terminal output and aiters information in ‘the statiﬁn and status

banks. Output is generated ih ‘a standardiZed form which is independent of

-
x

the state of the terminal This output is' stored in ‘ECS where ;t can be

3

readlby a separate CPU program, the "formatter."_ The formatter grinds through'“

o ° s
vy v . ' : »

the btandardized output from the Job to produce the final output ﬁor the ’,
. v \
target terminal. Maximum use is made of the current terminal state specified

- »




I LI Ca ‘ p . -, " . . o
- if the terminal is already in line‘modé. A command to set the Y—coordinate '\V .

K

o .1s skipped if the terminal's Y-register will already contaln that value.;’

fo he terminal 1s currently in chanacter mode and’ using the character memory

hange-code need-be_

- group which contains capital letters, no character group

' }sent in onder to. transmit a capital 1etter to the plasma display panel. At R
S the end o the formatt}ng process, the station bank contains the terminal ‘ ;' o
\ ~ . . . .l_.. |

vk L ‘state that w111 ex1st when all pending output has»reaehed»the terminal

- S .
. N -

Output can be a.s1ngle character or cap be an entire page of text, . ﬂ_,'

e

B

L -graph, or an animated cartoon, some of which can take five o& ten seconds to

- , '."'»S- fo v_(‘ ) ‘.'"
S transmit to the termlnal at 1260 bits/sec} " These dat& are stored in ECS LT e
- . - \ P o // .

and dealt but to the NIU every sixtieth of a second * As the"formatter N

: -

E

. f generates output, it adds the output to frameknxffers in ECS. There are‘J28 N

R’ Y

- ot - - R R

T\T\\\\\s\i frames held in ECS,‘consti tlng a circuaar'buffer‘of just over two secondsmi RS
: T # . " A

RTINS durat‘on., Eyery»s1xt;§§hlnflacsecond the PPU- merely transfers a new frame (} B

- :
N~ :
from-ECS to the NIU. “Ifa termlnal haE‘mQre output than w1ll fit 1nto the

128 frame buffers, the formattervstores output in-a chamn-linked string‘of

buffers associated'with'that.terminal's'station'bank,-'(Kctually;,all output, ” .
’ . . o N . —, : X ..‘ ¢ S . . » 3 . .' ’

not just the overflow, is stored_this way in order to facilitate transmission :-: -

. a : o ' ‘;»".‘ _ - " . . - - I ) : //‘ / ‘

é o error correction, as will Be discussed later.) The station bank points.to a-— -

’

\\N” s 32—word‘output buffef'fOraformatted output, data;'31 words are used to hold- Coee

- . . -

- 31/60 of a second of output (each 60-b1t word holds one 19—b1t package) and -~ = " ’

~

) the32ndword contains status including a pointer to: additional 32-word

N

output bufrers drawn from a system-wide pool as. needed (See Figure 5 ) R ”

If there is overflow, due to hav1ng more than 128 frames of output

-

**
v

enaing forlthe terminal, the formatter makes a note 1n a first-in-first— . R

' - ' . e
- e
. ut list o process this terminal again after 1.2 Secpnds. Since- 1. 2 seconds”~ . ]

is considerably ‘less than 128 frames (— 2. 13 seconds), the formattér can

4 . Co [

o - . . . . . . . .
i - ot - § - - v C
T . . L ’06 . . . . . »
: . \ - . . - : ‘
: : L .

. . : - - . - . . . ! .o .
, R ; s S . ]
. A .. . i a . v 4 s ‘L = R ' . L. K T
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¥




. . / L e e . : Y
. ¥ “ Ky

b .« .
»insure that the frame hufrers will be refilled in tixhe to préyent !i.nterruptions S

1n the output. The formatter is called up on’ every: poll, which occurs: roughly

‘ 'Jvery twehtieth of a second . It heed look.only %t the first,;oldo;t_entry iﬁ - '

in the list to deter:;ne whether any termina#s ﬁow must_have;adqi;FOnal ;'v S
output moved ton. e'frame buffers. Once'qenerated, output will appear'. |

v . . ¢

- smoothly on-the-terminal screen, without breahs or hesitations. - This\is.“ T,
© ¥ Y . \__ ™ v . Lo
particularly meortant for producing moving, animated displays. (Breaks

)

e
-

<

,

in the butput will, of'course, the CPU does nét generate output

. . . . '
. . . . .~

. fagt 'nough:Abut'once the o hai'he n éenerated,_there will hg no

as . -

' ihtlrruptions due;to frame manipu ag}o
."Frame transmiss%on is initia a
that the NIU has transmitted one qf its 1008-word memorles and has switched ‘A:n-;-ﬁ'ﬂ
to the other memory, sorthat’thé'basic t:;;ng bf oubpuyﬁact1v1ties ig actually

'

en the PPU reteives an indication . ° '.» /}

>

N

provxded hy the NIU. “ o L " ‘u/ \\

. -

o X Note that there are four autonomous phases durlng the processing of a,.
' V2N
joh: a PPU:stores“the'input and marks the.input polling list; a CPU processes :
/ . -
~the 1nput and produces sta7dardized output; the CPU formatter;geqerates for-

matted output .and the ,PPU passes the next frame, of output to the‘NIU every _ . J

‘ o

51xt1eth of a second» The two*CPU processes run as separate jbbs, each with®

its own separate central memory ar7a, but- they share ECS which serves as a /
! ‘ N - ..’

* communications link‘hetween these ?%tonompus'proéhgses. One PEU handles. ~ 0

-

. ) - { } 5, ’ . .
both input and output by intermixing output activities.with/input activities.




**, ' .\ IV. Error Correction ' . - ' i - )
" : ’ \ ' ¢ It
A - - Detection and c6rf&&£ion of output tranlmillion errors involves both

L hardware and goftware. The PLATO ferminal containl a:7-bit “word count

" ‘ ! ‘

regis;er" to count the 21-bit output packngel as they arrive (ignoring “do~-

nbthing" commands) The word count register is reset at appropriatc time
so the system can associate/a word count with\a pafticular 21-bit package, T

. I
When a terminal detects a parity error, it sends a spacial input to Bhe CPU’

v containing an prror flag and the present contents o£ the word count register. ,Asd

‘this enables the system to retrangmit the erroneous data. Moreover, the
By

términal refuses to process the erropeous data package or any following data

until it receives,afspecial restart comuahd. This action elimiriates the

_situation where, for ex; >le, the erroneous data would have changgdlthe o '
. . terminal from character to line mode and the‘terminal would have interpreted
' ;?- \ the following (character) data as line endpoints! - -f ; v T
i qpon receiving an error message, the \L ds "do-nothing“ outputs for ,'

this terminal at the-ends of the approp. ate frames, which cancels any outputs

»

by ovzrwriting the.NIU memory. The CPU then sends a restart command and an

.echo ommand ihstructing the terminal to send a special input acknowledging

-

.

receipt of the restart command. If no response is rec ‘;ed from. the terminal

\ <

. within a second, the CPU repeats the sequence;' After severafyretries without .-

\;a response, the,pomputer gives up ‘and relies on the termina<\user to clear

- ‘ i ) _ N

} the error state manually. o . . . \ ,z\\ f\\<\
Onge the terminal ‘has. been restarted, the CPU error correctiod soft) re

o i moVes déta from the outputubhtfers associated with the station bank into the -

frame buffers, so that\the terminal will again receive\the‘data it«previ ualy
. - — . : N ’ .

. - X \\ ‘\ . “
ignored. A detected and corrected ery is generally observed at the terminal

. +
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as a !tactional-aecond-hcaitatidn'in the normally.lmooth‘output appearing on
o n‘G' . . . . . -\ . .

the screen. . o

.

125 'milliseconds, there could in rare

While the average response fime
cases be long delAya due to the\ hol ing of\ input iﬁ asite Controller when‘g;gr

terminals make simultaneous inputs. :For this reason, the CPU doeéynot release °

» *

one of the 32-word ocutput buf!ern until the‘buttet is one iccond oid; This - .
W © s \ S
- insures that the computet tetainl at all times the last second of output,~ /

making tettanamissipn possible in case of .a detected error. \

i .

¢ ; Note that all this elabozate "hand-sliaking" betWBen computet and terminal

~ A\
. - +i8 neceaaary only in the case of ttanqmiasion error. Normally the aoftware'/”

0 a i

can assume that the terminal is always teady to receive data andaneed not .

L query the“termipal to determinal ita state. .. . , : A o
. ¥ . V . - .
' . A4 v L v - V ! * N R




. educational environment.

. . PR ." \..1\ " - " [ ia.
Appendix | , ‘ . .

. . " : - . . ’
" A common criticim of the PLATO IV communications scheme is that pro-
"t ‘ . . s ) N . . ': . s -

cess{n;\ind transmission costs could be reddced by having the terminal or
a nearby minicomputer‘handle‘the routine echoing ,of keys, thus sending to

the centrai computer only those inputs which require mpre elaborate process
ing. There are several reasons why this criticism is hot valid in the PLATO
. 4 - - Py . ¥

1 . ‘ ';4\
Flrst, by actual measurement fully half of all keys pressed do not

-

1nvo1ve mere echo1ng but requlre the use of the CPU, processlng

K

he particular

-

user's Le son, to generate the resulting‘output,display. “This
— , _ o

partly

v

due to th highly interactive nature of PLATO, whose input.rates, output rates,

S
.

and respo e speeds far exceed standard time:sharing systems. It is also
related to ‘the environment in which studentsresponses hsually consist of a

few keys and where a slngle key may be used to request additienal help or -

s

70 proceed from one 1nformat10na1 dlsplay to another. 'This is in contrast

to an environment 1n which terminals are used mainly for enter1ng 1ong

'

&b

computer, program statements and CPU act1v1ty is requlred only on every' "end- .

of—11ne" key, which might be every tenth key on the average,

Y
\ .

Second, normal key echoing on a PLATd term;nal is in 1tse1f an elaborate

process requ1r1ng a 1arge sc1ent1f1c compnter~to do a satlsfactory Joﬁ/of

fully implementlng the complex typography\\eeded for educat10n, 1nclud1ng the

7 use of superscrlpts, SUbSCIlptS, backspaces, underlines, accent marks, a. -

moﬂ!flable character set, etc. Select1Ve1y era51ng,the-appropr1ate last

character or word on the screen is a major'task giverl these possibilities, and '

" requires that the CPU know the present state of the termihe&\and its display.

. ’ \\‘ N
.

.:‘ P

'

«

———

+
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» The two-dimensional nature -of the'plasma panel, and its seleotiveﬁerase capa=-,.

Ce ) ’ . - o P ) - o . - a” '
bilities‘lead_to different demands -from those of an alphanumeric terminal,

.
-

which is essentially a. linear devioe./

.
AN

-

Third; in a situation where a relatively small fraction'of the keys are

. to be processed locally by p m1n1computer, but thé rest are to .be sent on to'

F ‘status and the next 1nput “to determlne yhether to transmlt 6! echo. Thls is \\\;A
. . . X \

.precisely the kind of dec1s1on only tﬁe CPU, can make because only it has

N .

N . » N

o . access to the complete user status coupled Wlth adequate processlng power to »

\Qot on that status. All keys must eventuallz be sent to the CBU,so 1dcal

S > :
o ech01ng does.not.decrease‘the 1nput bandw1dth requlrements, and frequent
- . » . * \ N v .

v o short transm1ss1o§§'lead to fewer queq}ng d1ff1cu1t1es..

Qs, even,totally neglectlng the overﬁead that would be 1ncurred, the 1mp1e—

©

menta 'on of azscheme,for local echqing of keys“could not possibly produce
. -t , . .

. . . [ ¢ ~
any significant time savings. - N, “jﬂ _
For these reasons, in the contéxt of the PLATO system the use of the

\ p _ ,

CPU- for ech01ng 1s s1mp1er, probably cheaper, and certa1n1y more satrsfact :f

‘than 16cal ech01ng. ' ’bd“~k N

¢ o _ \ T ’ *
N : C : .FN\\\;. ;
., -ar - N N ) i ) . . .
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